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(57) ABSTRACT 

Methods and apparatus are provided for depositing a layer of 
pure germanium can on a Silicon Substrate. This germanium 
layer is verythin, on the order of about 14 A, and is less than 
the critical thickness for pure germanium on Silicon. The 
germanium layer Serves as an intermediate layer between the 
Silicon Substrate and the high kgate layer, which is deposited 
on the germanium layer. The germanium layer helps to avoid 
the development of an oxide interfacial layer during the 
application of the high k material. Application of the ger 
manium intermediate layer in a Semiconductor Structure 
results in a high k gate functionality without the drawbacks 
of Series capacitance due to oxide impurities. The germa 
nium layer further improves mobility. 
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INTERFACIAL LAYER FOR USE WITH HIGH K 
DELECTRIC MATERALS 

FIELD OF THE INVENTION 

0001. The present invention generally relates to semicon 
ductor devices and methods for their manufacture, and more 
particularly relates to the use of an interfacial germanium 
layer for use with high k dielectric materials and Silicon 
Substrates. 

BACKGROUND OF THE INVENTION 

0002 Field Effect Transistors (FETs) have found a wide 
application in the electronics industry. Some specific pro 
cessing applications include Switching, amplification, filter 
ing, and other tasks. Metal Oxide Field Effect Transistors 
(MOSFETs) are one of the more common type of FET 
devices now used. They find Significant use, for example, in 
digital processing applications. A MOSFET Structure typi 
cally includes a metal or polysilicon gate contact energized 
to create an electric field within a Semiconductor channel, 
which allows current to conduct between Source and drain 
regions. 
0003. Designers, following Moore's law, continue in 
their attempts to Shrink the Size of transistors. AS transistors 
become Smaller and Smaller, gate dielectric layerS have also 
become thinner and thinner. The continued decrease in the 
thickness of gate dielectric layers is leading to technical 
problems. Leakage through a Silicon dioxide dielectric layer 
of a gate increases exponentially as its thickness decreases. 
Gate dimensions that are proposed for the future will require 
dielectric layers that are So thin they may stray from purely 
“on” and “off” States. Instead, leakage may lead to a low 
power, or “leaky”, off state. This challenge must be 
addressed for the Success of future transistor generations. 
0004 One alternative that is being proposed is to use high 
k materials in place of Silicon dioxide as the gate dielectric 
layer. High k refers to a high dielectric constant, a measure 
of how much charge a material can hold. Differing materials 
possess differing abilities to hold charge. High k materials 
include compounds of oxygen Such as hafnium dioxide 
(HfO2), Zirconium dioxide (ZrO2), and titanium dioxide 
(TiO), and possess a dielectric constant above 3.9, the value 
of silicon dioxide. 

0005 The dielectric constant also affects transistor per 
formance. AS k value increases, the transistor capacitance 
also increases. This increased capacitance allows the tran 
sistor to Switch properly between the “on” and “off” states. 
Further, the higher k values correspond to a high quality 
Switching Such that there is very little current leakage in the 
“off” state and high current flow during the “on” state. 
Additionally, high k materials in the dielectric Stack can lead 
to improved charge mobility in the final transistor. The good 
charge mobility that is characteristic of high k materials can 
improve the performance, reliability, and lifespan of the 
transistor. Thus high k materials hold significant promise as 
a potential material to be used in dielectric Stacks. 
0006. However, the electronic industry has predomi 
nantly used Silicon dioxide as a material for the dielectric 
layer for the last Several decades. Experimental use of high 
k materials for the dielectric layer is now revealing other 
manufacturing and processing challenges that were not 
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apparent when thicker Silicon dioxide layers were employed. 
It is desired to overcome these technical challenges in order 
to further develop applications of high k materials. One 
particular problem that is manifested when high k materials 
are used in the dielectric layer is poor dielectric performance 
due to the formation of oxides at the Surface of the silicon 
layer. 
0007 Many of the materials being proposed for use in the 
high k dielectric layer are compounds that include oxygen. 
Further the deposition of these materials on a Silicon Sub 
Strate may include processing Steps that include an oxidizing 
step. Chemical Vapor Deposition (CVD) or sputtering of one 
element followed by the oxidation of the material is one 
exemplary kind of process for forming a high k dielectric 
layer. Oxygen, whether as an ambient gas that is present in 
the deposition proceSS or Supplied in the oxide compound 
itself, is thus present in close proximity to the Silicon 
Substrate. The result of this kind of manufacturing is that an 
interfacial layer, a layer between the Silicon Substrate and the 
high k dielectric layer, is appearing. The interfacial layer 
includes oxide materials Such as Silicon dioxide that result 
from oxygen reactions with the Silicon of the Substrate. And 
these oxide materials hurt the performance otherwise to be 
achieved with high k dielectric materials. 
0008. A thin silicon dioxide layer is in effect a low k 
interfacial layer. This kind of low k interfacial layer acts 
electronically like a capacitor in Series with the high k 
dielectric layer. The effect of the silicon dioxide interfacial 
layer is to decrease the Overall capacitance of the gate 
dielectric Stack, thus defeating the advantage of using high 
k materials. Additionally, the interfacial layer leads to mobil 
ity degradation in the channel region (just below the gate 
dielectric layer), and thus degrades the performance of the 
device it is associated with. 

0009. Accordingly, it is desirable to identify new mate 
rials and methods of applying these materials in high k 
dielectric layers. The desired process and materials should 
reduce or eliminate the interfacial oxide layer effect noted in 
previous use with high k materials in gate dielectric layers. 
In addition, it is desirable to develop these materials and 
methods so that they are suitable for use with current 
processing techniques used in FET fabrication. It is also 
desired to apply high k dielectric materials So as to improve 
charge mobility in the Semiconductor and thus to improve 
the Semiconductor's useful lifespan. The present invention 
addresses one or more of these needs. Furthermore, other 
desirable features and characteristics of the present inven 
tion will become apparent from the Subsequent detailed 
description of the invention and the appended claims, taken 
in conjunction with the accompanying drawings and this 
background of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The present invention will hereinafter be described 
in conjunction with the following drawing figures, whenever 
possible like numerals denote like elements, and wherein 
0011 FIG. 1 is a perspective view of a semiconductor 
Structure using a germanium interfacial layer according to an 
embodiment of the present invention; 
0012 FIG. 2 is a perspective view of a transistor struc 
ture that may developed with processing Steps according to 
an embodiment of the present invention; 
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0013 FIG. 3 is a perspective view of the lattice structures 
of germanium crystal and Silicon crystal according to an 
embodiment of the present invention; 
0.014 FIG. 4 is a perspective view of a germanium layer 
grown on a Silicon layer in a 2-dimensional Structure; and 
0.015 FIG. 5 is a perspective view of germanium mate 
rials grown on a Silicon layer in a 3-dimensional Structure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016. The following detailed description of the invention 
is merely exemplary in nature and is not intended to limit the 
invention or the application and uses of the invention. 
Furthermore, there is no intention to be bound by any theory 
presented in the preceding background of the invention or 
the following detailed description of the invention. 
0.017. It has now been discovered that a layer of pure 
germanium can be grown on a Silicon Substrate. This ger 
manium layer is very thin, on the order of about 14 A, and 
is less than the critical thickness for pure epitaxial germa 
nium on Silicon. The germanium layer Serves as an inter 
mediate layer between the Silicon Substrate and the high k 
gate layer. The germanium layer helps to avoid the devel 
opment of an oxide interfacial layer during the application of 
the high k material. Application of the germanium interme 
diate layer results in a high k gate functionality without the 
drawbacks of Series capacitance due to oxide impurities. 
0018 Referring now to FIG. 1 there is shown a sche 
matic diagram of a Semiconductor Structure using the ger 
manium layer according to an embodiment of the present 
invention. It will be understood by those skilled in the art 
that the semiconductor structure shown in FIG. 1 may be 
Subjected to processing So as to transform the transistor 
structure from the multilayer structure of FIG. 1 into the 
finished transistor shown in FIG. 2. As shown in FIG. 1, the 
Structure comprises a Silicon base layer 11, a thin germanium 
layer 12, and a dielectric layer 13 of high k materials. Silicon 
layer 11 is a Silicon Substrate as used in the manufacture of 
Silicon-based Semiconductors. Alternatively Silicon layer 11 
may comprise a silicon-on-insulator material (SOI). 
0019. In an alternative embodiment, layer 11 may com 
prise a material other than Silicon. The optional materials 
comprise gallium-arsenide (GaAs), indium-phosphide (InP), 
any alloy compound of GaAS, and any alloy compound of 
InP. 

0020 Referring now to FIG. 2 there is shown a repre 
Sentative example of a finished transistor. This transistor 
may be fashioned from the starting structure of FIG. 1. In 
addition to Silicon base layer 11, germanium layer 12, and 
dielectric layer 13, the finished transistor further comprises 
a Source area 14 and a drain area 15. In addition the physical 
geometry of the dielectric Stack has been shaped So as to 
transform the dielectric layer 13 into a gate. Those skilled in 
the art will understand this is part of the manufacturing 
process to transform a Semiconductor Stack into a finished 
transistor. 

0021. The method of developing the semiconductor 
structure shown in FIG. 1 begins with the preparation of a 
silicon Substrate 11. This can be achieved through any of the 
known procedures used in the Semiconductor art. For 
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example, the Substrate may be a bulk silicon Substrate. 
Alternatively, the Semiconductor Substrate may be a Silicon 
on-insulator type Substrate. The Substrate may also include 
dopants Such as p-doping. The development of the Substrate 
11 will render an exposed surface of the substrate onto which 
further layers of material, in this case, the germanium layer 
12 will be deposited. In a preferred embodiment, the 
exposed Silicon Surface is a single crystal material that is 
Substantially free of Surface oxides. It is also thus preferred 
that Silicon layer 11 comprise Single crystal Silicon material. 
0022. In addition to the steps to create the silicon Sub 
strate 11, the substrate 11 may additionally receive an 
optional treatment to remove or diminish oxides on the 
exposed Surface. A cleaning procedure includes cleaning the 
exposed Surface with a Solution of hydrofluoric acid, as well 
as other cleaning procedures used in the Semiconductor 
industry. The cleaning procedure may follow in Situ or eX 
Situ cleaning methods known in the art. It is additionally 
preferred that the silicon material be substantially free of 
contaminants, and especially at the exposed Surface. AS is 
known in the art, the processing of the Silicon Substrate 11 
may take place in vacuum or under an inert atmosphere in 
order to minimize the presence of oxygen. 
0023. In a next step, a layer of germanium 12 is deposited 
on the exposed Surface of the Silicon layer. In completing 
this step, the germanium layer 12 covers what was previ 
ously the exposed Silicon Surface, or a portion of the exposed 
Surface. Upon completion of the germanium layer 12 it now 
has an exposed Surface. Later materials, Such as the high k 
material may be deposited on that Surface. 
0024. In one embodiment the germanium layer 12 is 
preferably high purity germanium. In this embodiment 
impurities or other materials in the germanium are avoided. 
This is preferred where the thickness of the germanium layer 
is below the critical thickness. Alternatively germanium 
layer 12 can include Small amounts of carbon. 
0025 Methods to deposit the germanium layer on the 
silicon include molecular beam epitaxy (MBE) and chemical 
vapor deposition (CVD). MBE is a method that allows close 
control of material growth at an atomic scale. MBE further 
allows deposition of thin epitaxial layers with excellent 
control, repeatability, and throughput. Thus MBE is well 
Suited to the deposition of a thin germanium layer. Molecu 
lar beam epitaxy employs Solid-Source evaporation in an 
ultra-high vacuum environment, materials may typically be 
individually controlled by feed Systems. Such as pneumatic 
shutters. The process provides flexibility and allows intricate 
alloy and Superlattice Structures to be fabricated under 
computer control with a high degree of repeatability. 

0026. In one embodiment of the MBE deposition method, 
a silicon wafer is first placed in an MBE chamber. A 
germanium Source is loaded into one or more effusion cells. 
Each effusion cell may be heated to a desired level to 
promote mass transfer of germanium. The MBE chamber is 
preferably evacuated to provide a high level of vacuum. The 
Silicon wafer is heated to a desired temperature to promote 
epitaxial growth of germanium on the wafer. Ashutter in the 
MBE apparatus is opened to expose the germanium to the 
MBE chamber for a desired length of time. Other controls 
common to MBE deposition, such as rotation of the silicon 
wafer, may also be included in the System. Control param 
eterS Such as time, temperature, and energy transfer are 
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Selected So as to promote epitaxial, 2-dimensional growth of 
the germanium on the Silicon Substrate. 
0.027 Other optional deposition procedures may also be 
used to form the germanium layer. These methods include 
metal organic chemical vapor deposition (MOCVD), atomic 
layer deposition (ALD), atomic vapor deposition (AVID), 
physical vapor deposition (PVD), chemical Solution depo 
sition (CSD), pulsed laser deposition (PLD), or the like. 
0028 Referring now to FIG. 3 there is shown a diagram 
of a crystal lattice of germanium matched with a Silicon 
crystal. The Silicon portion of the crystal is shown as layer 
30, and the germanium portion is layer 31. The lattice 
Structures of germanium and Silicon, by themselves, are 
mismatched in that the Space between germanium atoms in 
a pure germanium crystal is larger than the Space between 
Silicon atoms in a pure Silicon crystal. However, below a 
certain thickness, a germanium crystal layer can be epitaxi 
ally grown on a Silicon crystal layer. The germanium atoms 
in the germanium lattice Structure, at a thickness below the 
critical thickness, can adapt to match the lattice Structure of 
Silicon. The germanium lattice Stretches or Squeezes to 
match Silicon on the horizontal plane by expanding the 
germanium lattice in a vertical direction. At a thickneSS 
above the critical thickness, however, the germanium crystal 
is unable to take the Strain of Stretching to adapt to the Silicon 
crystal; the germanium crystal will relax, and thus break, at 
Some point. This breakage point is referred to as the critical 
thickness. For a thin layer of germanium matched to a 
Silicon crystal, that critical thickness is approximately 14 A. 
This critical thickness corresponds to approximately 3 to 4 
atomic layers of germanium atoms in the crystal lattice. 
Thus it is preferred that the germanium crystal lattice have 
3 or leSS atomic layers of germanium atoms. 
0029. It is preferred that the germanium layer grown on 
the Substrate is pseudomorphically formed on the Substrate, 
which means that the germanium is epitaxially lattice 
matched up to the critical thickness for germanium and the 
Substrate material. Further the preferred pseudomorphic 
growth forms a germanium layer without dislocations. 
Optionally, it is preferred that the Substrate layer has leSS 
than a 4.2% lattice mismatch with germanium. The preferred 
Substrate layers other than Silicon, gallium arsenide, indium 
phosphide, and alloys thereof, have lattice spacing that more 
closely match germanium than does Silicon itself. Thus, the 
growth of germanium layerS on these materials creates leSS 
StreSS in the germanium layer. Gallium arsenide, indium 
phosphide, and their alloys have a lattice mismatch with 
respect to germanium that is less than 4.2%. 
0.030. A germanium layer can be grown on silicon to a 
thickness greater than the critical thickness. This is accom 
plished by including Small amounts of carbon in the germa 
nium. Carbon atoms in a germanium lattice allow the 
germanium crystal to relax without fracturing. Thus, when 
the germanium crystal is matched to a Silicon lattice, and is 
grown beyond the critical thickness, Stresses in the germa 
nium crystal are resolved at the carbon localities. Generally 
a 1% concentration of carbon in germanium will relax the 
germanium crystal by approximately 10%. In one alternative 
embodiment, a germanium layer includes up to 5% carbon 
by weight. This is preferred where the germanium layer is 
desired to be greater than the critical thickness. 
0031. It is preferred that growth of the germanium inter 
facial layer take place in the Stranski-Krastanov growth 
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mode. Germanium grown on Silicon can develop in a 
2-dimension mode (Stranski-Krastanov) or a 3-dimensional 
mode (Volmer-Weber). Referring now to the figures, FIG. 
4A illustrates the 2-dimensional growth of a germanium 
layer 12 on a silicon layer 11, and FIG. 4B illustrates the 
3-dimensional growth of germanium “islands' 16 on a sili 
con Substrate 11. 2-dimensional growth is characterized by 
the development of layers of germanium; the layerS may be 
atomic layers. In the 2-dimensional growth mode, a first 
atomic layer of germanium is deposited on the Silicon 
surface. That is followed by the deposition of a second 
atomic layer of germanium on the first layer. In contrast, 
3-dimensional growth is characterized by the deposition of 
germanium material in clusters or “islands' where each 
island of germanium may itself consist of many atomic 
layers of germanium. Further, in 3-dimensional growth 
mode, the germanium islands may not be in contact with one 
another So that patches of the Silicon Surface are still 
exposed. As a layer of pure germanium growing in 2-di 
mensional mode passes the critical thickness, the germa 
nium growth may convert to 3-dimensional growth mode as 
the germanium lattice relaxes. Thus the germanium layer 
should be kept at or below the critical thickness for pure 
germanium on Silicon, approximately 14 A. It is preferred 
that growth of the germanium layer does not transform from 
2-dimensional growth to 3-dimensional growth. 

0032 Germanium is selected as a preferred material for 
the interfacial layer in part for the reason that the deposition 
of germanium on Silicon does not produce significant levels 
of oxides that would otherwise form a silicon dioxide 
interfacial layer. Germanium does not readily form a chemi 
cally stable oxide Structure. Oxides are thus minimized 
when pure germanium is deposited onto Silicon in an oxy 
gen-Scarce atmosphere. The Oxygen with which Silicon may 
react is minimized. Thus, that difficulty of prior art methods 
is avoided. It will be further appreciated by those skilled in 
the art that good fabrication measures should be followed so 
as to minimize the presence of oxides. This may include, for 
example, operating in a vacuum or under an inert atmo 
Sphere So as to avoid the presence of oxygen. The use of high 
purity materials will also minimize the presence of oxides. 
0033. The germanium layer 12, having been deposited, it 
may be further treated to reduce any presence of any oxides. 
The treatment involves a cleaning Step Such as a treatment 
with a Solution of hydrofluoric acid, or other cleaning 
agents. At this point the exposed Surface of the germanium 
layer is ready for the deposition of high k materials in the 
dielectric layer. 
0034. The dielectric layer is deposited on the exposed 
surface of the germanium layer. In a preferred embodiment, 
the dielectric layer is less than 100 A in thickness. Known 
methods of depositing high k materials on germanium may 
be followed. 

0035). As used herein the term “high k” or “high k 
dielectric material” means a dielectric material having a k 
value of about 10 or more. Such high k dielectric materials 
include, for example, hafnium oxides, Zirconium oxides, 
lanthanum oxides, titanium oxides, aluminum oxides and 
others. In general high k dielectric materials encompass 
those materials that are binary, ternary and higher oxides and 
any ferroelectric materials having a k value of about 20 or 
more. Further the high k dielectric materials include com 
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posite materials. Such as hafnium Silicate, other Silicates, 
hafnium Silicon oxynitride, germanium oxynitride, and other 
Oxynitrides. 

0.036 When a material is referred to by a specific chemi 
cal name or formula, the material may include non-Stoichio 
metric variations of the Stoichiometrically exact formula 
identified by the chemical name. Thus, for example, hafnium 
oxide may include both the Stoichiometrically exact com 
position of formula HfO as well as Hf O, in which either 
of X or y vary by Some amount from 1 and 2 respectively. 
0037. While at least one exemplary embodiment has been 
presented in the foregoing detailed description of the inven 
tion, it should be appreciated that a vast number of variations 
exist. It should also be appreciated that the exemplary 
embodiment or exemplary embodiments are only examples, 
and are not intended to limit the Scope, applicability, or 
configuration of the invention in any way. Rather, the 
foregoing detailed description will provide those skilled in 
the art with a convenient road map for implementing an 
exemplary embodiment of the invention, it being understood 
that various changes may be made in the function and 
arrangement of elements described in an exemplary embodi 
ment without departing from the Scope of the invention as 
Set forth in the appended claims. 

What is claimed is: 
1. A Semiconductor Structure comprising: 
a Substrate; 

a layer of germanium deposited on the Surface of the 
Substrate wherein the germanium layer is less than 
approximately 14 A in thickness, and 

a dielectric layer or Stack of dielectric layers of high k 
material deposited on the germanium layer. 

2. The Semiconductor Structure according to claim 1, 
wherein the Substrate comprises material Selected from the 
group consisting of Silicon, gallium-arsenide (GaAs), 
indium-phosphide (InP), any alloy compound of GaAS and 
any alloy compound of InP. 

3. The Semiconductor Structure according to claim 1 
wherein the Substrate layer comprises a single crystal of 
Silicon, gallium-arsenide, indium phosphide, the alloy com 
pounds of gallium arsenide or the alloy compounds of 
indium phosphide and the germanium layer comprises a 
Single crystal of germanium. 

4. The Semiconductor Structure according to claim 1 
wherein the germanium layer further comprises up to 5% by 
weight carbon. 

5. The Semiconductor Structure according to claim 1 
wherein the germanium layer further comprises up to three 
atomic layers of germanium in the germanium lattice. 

6. The semiconductor structure according to claim 1 
wherein the germanium layer is up to 25 A in thickness. 

7. The Semiconductor Structure according to claim 1 
wherein the dielectric layer is Selected from the group 
consisting of hafnium oxides, Zirconium oxides, aluminum 
oxides, Silicates, hafnium nitrides, and germanium oxyni 
trides. 

8. The Semiconductor Structure according to claim 1 
wherein the Substrate layer has a less than 4.2% lattice 
mismatch with the layer of Ge. 
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9. The Semiconductor Structure according to claim 1 
wherein the layer of germanium is pseudomorphically 
formed on the substrate layer without the formation of 
dislocations. 

10. The Semiconductor Structure according to claim 1 
wherein the dielectric layer is less than approximately 100 A 
in thickness. 

11. A method for forming a Semiconductor Structure 
comprising the Steps of: 

providing a Substrate with an exposed Surface; 
forming a layer of germanium on the exposed Surface of 

the Silicon layer Such that the germanium layer is leSS 
than approximately 14 A in thickness, and wherein the 
deposited germanium layer has an exposed Surface; and 

forming a dielectric layer or Stack of dielectric layers of 
high k material on the exposed Surface of the germa 
nium layer. 

12. The method according to claim 11 wherein the step of 
providing a Substrate layer further comprises providing a 
Silicon layer with an exposed Surface of Single crystal 
Silicon. 

13. The method according to claim 11 wherein the step of 
providing a Substrate layer further comprises providing a 
gallium arsenide layer with an exposed Surface of Single 
crystal gallium arsenide or its alloy compounds. 

14. The method according to claim 11 wherein the step of 
providing a Substrate layer further comprises providing an 
indium phosphide layer with an exposed Surface of single 
crystal indium phosphide or its alloy compounds. 

15. The method according to claim 11 wherein the step of 
depositing a layer of germanium comprises depositing a 
layer of germanium through a chemical vapor deposition 
(CVD) process. 

16. The method according to claim 11 wherein the step of 
depositing a layer of germanium comprises depositing a 
layer of germanium through a molecular beam epitaxy 
(MBE) process. 

17. The method according to claim 11 wherein the step of 
depositing a layer of germanium comprises depositing a 
layer of germanium through an atomic layer deposition 
(ALD) process 

18. The method according to claim 11 wherein the step of 
depositing a germanium layer further comprises growing a 
germanium layer in the 2-dimensional growth mode. 

19. The method according to claim 11 wherein the step of 
depositing a germanium layer further comprises depositing 
germanium with up to 5% by weight carbon. 

20. The method according to claim 11 wherein the step of 
depositing a germanium layer further comprises depositing 
a germanium layer have three or leSS atomic layers in the 
germanium crystal lattice. 

21. The method according to claim 11 further comprising 
the Step of cleaning the exposed Substrate Surface to mini 
mize the presence of oxides using ex-situ and/or in-Situ 
methods. 

22. The method according to claim 11 further comprising 
the Step of cleaning the exposed Surface of germanium to 
minimize the presence of oxides. 

23. The method according to claim 11 wherein the step of 
depositing a dielectric layer of high k material further 
comprises a dielectric material Selected from a group con 
Sisting of hafnium oxides, Zirconium oxides, titanium 
oxides, aluminum oxides, Silicates, and hafnium nitrides. 
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24. A method for forming a Semiconductor Structure 
comprising the Steps of: 

providing a high purity Single crystal Substrate layer with 
an exposed Surface; 

cleaning the exposed Surface of the Silicon layer to reduce 
the presence of oxides, 

depositing a layer of high purity germanium on the 
exposed Surface of the Substrate layer wherein the 
germanium layer is epitaxially matched to the Silicon 
layer and Such that the germanium layer is less than a 
critical thickness, and wherein the deposited germa 
nium layer has an exposed Surface; 

cleaning the exposed Surface of the Substrate layer to 
reduce the presence of oxides, and 

depositing a dielectric layer of high k material on the 
exposed Surface of the germanium layer. 

25. The method according to claim 24 wherein the step of 
depositing a layer of high purity germanium further com 
prises depositing a high purity layer of germanium Such that 
the germanium layer is less than approximately 14 A in 
thickness. 

26. The method according to claim 24 wherein the step of 
depositing a dielectric layer further comprises depositing a 
dielectric layer that is less than approximately 100 A in 
thickness. 
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27. The method according to claim 24 wherein the step of 
depositing a dielectric layer of high k material further 
comprises a dielectric material Selected from a group con 
Sisting of hafnium oxides, Zirconium oxides, titanium 
oxides, aluminum oxides, Silicates, hafnium nitrides, ger 
manium oxynitrides, and lanthanum oxides. 

28. The method according to claim 24 wherein the step of 
depositing a dielectric layer further comprises depositing a 
dielectric layer that is between approximately 60 to approxi 
mately 80 A in thickness. 

29. The method according to claim 24 wherein the step of 
depositing a layer of germanium comprises depositing a 
layer of germanium through a chemical vapor deposition 
(CVD) deposition process. 

30. The method according to claim 24 wherein the step of 
depositing a layer of germanium comprises depositing a 
layer of germanium through a molecular beam epitaxy 
(MBE) process. 

31. The method according to claim 24 wherein the step of 
depositing a layer of germanium comprises depositing a 
layer of germanium through an atomic layer deposition 
(ALD) process. 


